"Koshihikari" is widely cultivated in Japan because of its good eating quality, and has become the leading variety of nonglutinous rice in Japan. In 2004, the cultivation area of "Koshihikari" was 553,362 ha, accounting for over 35% of the total area.
Niigata Prefecture started to evaluate "Etsunan 17", which was later registered and released as " Koshihikari", in 1953 and decided to adopt it as a recommended variety in 1956. It was a major decision to adopt it first in the nation when increase of food production was required. Its cultivation area kept rising, exceeded 80,000 ha in 1990 and reached 93,745 ha in 2004, accounting for 82% of the total paddy rice cultivation area in Niigata prefecture. As indicated by the Japanese name of "Koshihikari", it has remained an excellent variety "shining (hikari) in the region of Niigata (Koshi)", representing the prefecture.
The advantages of "Koshihikari" are as follows: good eating quality for the Japanese people, absence of quality deterioration under lodging conditions because of the low viviparity and wide adaptability. On the other hand, the disadvantages include the difficulty in achieving high yields due to its low lodging resistance and high susceptibility to blast. The problem of lodging has been solved by adopting a fertilization schedule in which fertilizers are heavily applied at the later stages. However, blast disease can not be controlled without chemical application.
The authors have been breeding new varieties with emphasis placed on the enhancement of field resistance. However, even if a new variety with resistance to blast is successfully developed, its acceptance in the market requires the following conditions: security a stable supply, brand recognition by consumers, and advantageous prices, which would be extremely laborious and costly and would necessitate the development of detailed strategies. If the resistance to blast of "Koshihikari" could be improved while keeping its excellent palatability and other agricultural traits intact, it would meet consumer needs such as safety and good eating quality. Furthermore, it would be readily accepted in the market, because the brand, "Koshihikari", could be used. Hence, breeding was undertaken for commercial applications of a multiline variety with an increased resistance to blast alone, without changes in basic properties.
Development of multiline varieties using blast resistant isogenic lines had already been attempted for "Nipponbare" (Higashi et al. 1981 , Horisue et al. 1984 , "Toyonishiki" (Nakajima 1994) , and "Sasanishiki" (Matsunaga 1996) . Blast control effects by the use of these multiline varieties have been confirmed (Ise 1990 , Shindo and Horino 1989 , Koizumi 1983a , Koizumi 1983b , Koizumi and Fuji 1994 , Koizumi et al. 1996 , Nakajima et al. 1996a , Nakajima et al. 1996b ). Actually, the multiline variety of "Sasanishiki" has been commercially cultivated on a market scale since 1995. Moreover, new isogenic lines have been bred and a detailed analysis of variation in the distribution of the races of the blast pathogen, which is essential for stable utilization, has been performed (Sasahara et al. 1998 , Tsuji et al. 1999 , Ashizawa et al. 2001 .
In the present report, the breeding process of eight blast resistant isogenic lines that have been bred so far was outlined, namely: "Koshihikari Niigata BL No. 1, Koshihikari Niigata BL No. 2, Koshihikari Niigata BL No. 3, Koshihikari Niigata BL No. 4, Koshihikari Niigata BL No. 5, Koshihikari Niigata BL No. 6, Koshihikari Niigata BL No. 7 and Koshihikari Niigata BL No. 8 (abbreviated as BL No. 1, BL No. 2 and so on hereafter)". The responses of these lines to different races of the blast pathogen, the similarity of their agronomic traits, quality and taste to those of "Koshihikari", the original variety, and their characters distinct from major varieties planted in Niigata Prefecture were also reported. BLs. The BLs were bred by crossing with "Sasanishiki (Pia)", "Todorokiwase (Pii)", "Pi No. 4 (Pita-2)", "Niigatawase (Piz)", "Koshiminori (Pik)", "Tsuyuake (Pik-m)", "Toride 1 (Piz-t)" and "BL 1 (Pib)" as the donor parents, respectively, and then repeated backcrossings with "Koshihikari" as the pollen parent were performed at the Crop Research Center of Niigata Agricultural Research Institute. Figure 1 No. 4, BL No. 5, BL No. 6, BL No. 7 and BL No. 8 were in 1986. Individuals used for backcrossing after the first filial generation of the first backcross generation (B 1 F 1 ) were spray-inoculated with race 001 of the blast pathogen for the nursery test. About 30 heterozygotes showing resistance were selected for cultivation in the field. Individuals that resembled "Koshihikari" were selected prior to the backcrossing procedure. Selected individuals were transplanted to 1/5000 a Wagner pots and about 50 seeds were obtained per stump. Backcrossing was performed six times for BL No. 4 and five times for the other lines, following examples of BLs for "Toyonishiki", "Nipponbare" and "Sasanishiki", which had been bred so far. Seedlings of B 5 F 2 or B 6 F 2 after selfed generation were spray-inoculated with race 001 for selecting homozygotes with true resistance as well as for fixation.
Breeding process
BL No. 1, BL No. 2, and BL No. 3 were established in 1996; BL No. 4 in 1997; and BL No. 5, BL No. 6, BL No. 7 and BL No. 8. in 1998 
Comparison of characters with the original "Koshihikari"
The characters were examined through a preliminary performance test carried out over a period of five years from 1999 to 2003. The cultivation methods manual followed conventional practices described below. Seeds were sown in April (5-10) and transplanting was performed in May (5-10). The planting density was 19.6 hills/m 2 and medium-grown seedlings, four per hill, were manually transplanted. Fertilizer application amounted to 3.0 g/m 2 for nitrogen as basal dressing in a single application and 2.0 g/m 2 as top dressing divided into two applications. Table 3 shows the results of an analysis of variance on main characters. Most of the contributions from errors were below 30% except for overall eating quality. Therefore, the test was carried out with a high degree of accuracy. Significant differences among the varieties were detected at 1% level for culm length, leaf blast score, panicle blast score, 1,000-grain weight and grain quality and at 5% level for overall eating quality. On the other hand, significant differences among years were detected at 1% level for most of the characters except for leaf blast and panicle blast scores. The absence of significant differences in the leaf blast and panicle blast scores was ascribed to use of sprinklers for infection to maintain the humidity. Table 4 lists the mean values of the main characters of the Koshihikari BLs and "Koshihikari". The Dunnet method was applied to the characters with a significant difference (1% or 5% level) in the analysis of variance. The comparative variety in the Dunnet method was "Koshihikari", the original variety. Both leaf and panicle blast scores of the Koshihikari BLs were lower than those of Koshihikari. The absence of significant differences in the leaf and panicle blast However, the difference was not important in practice because the length of the culm was only 2% to 4% of that of "Koshihikari". Significant differences in the 1,000-grain weight for BL No. 1 and BL No. 5, grain quality for BL No. 3 and overall eating quality for BL No. 7 showed that the values of those characters tended to be slightly higher than those for "Koshihikari". According to the statistical analysis, it appeared that the BLs were near isogenic. On the other hand, the above results indicated that the BLs were isogenic for practical use. Therefore, we suggested that the BLs were identical with the original "Koshihikari", except for blast resistance.
Similarities and differences between the Koshihikari BLs and major rice varieties planted in Niigata prefecture A principal component analysis using a correlation matrix was performed to examine the similarities and differences among Koshihikari BLs, "Koshihikari", "Wasejiman", "Koshiibuki", "Yukinosei", "Ajikodama", "Kinuhikari" and "Dontokoi" in grain quality, grain yield, 1,000-grain weight, protein content of brown rice, value of mido (value of shine on the surface of boiled rice grains) and overall eating quality. In order to orient the direction of eigenvectors so that positive values would follow a desirable direction, the sign for the grain quality of brown rice was converted to become negative and the sign for the protein content of brown rice was treated for arcsine transformation and converted to become negative. Table 5 lists the eigenvectors, the eigenvalues and contribution of each principal component. The eigenvalue of principal component 1 was 2.7; that of principal component 2 was 1.6 and the cumulative contribution was 71.2%. The eigenvector of principal component 1 was positive for the grain yield and grain quality (converted value) and negative for the 1,000-grain weight, the overall eating quality, the value of mido and the protein content of brown rice (converted value). Therefore, principal component 1 was assumed to be related to the yield and palatability, the positive direction expressing high yield and high quality and the negative direction expressing good taste. The eigenvector of principal component 2 was positive for the all characters except for the value of mido. Therefore, it reflected the overall value of a variety and the positive direction was considered to express yield, quality, and taste as well as the direction of superiority. Figure 2 presents the scores of principal components of the Koshihikari BLs and the major varieties. "Yukinosei" (Hoshi et al. 1992) , which was displayed a high yield and quality but a slightly poor taste, was placed in quadrant 1; "Koshiibuki" (Hoshi et al. 2002) , which showed a high yield, quality, and a good taste, was placed in quadrant 1 and close to "Koshihikari"; "Dontokoi" (Uehara et al. 1995) , which showed a high yield and was close to "Koshihikari" for quality and taste, was placed in quadrant 2; "Kinuhikari" (Koga et al. 1989) , which was close to "Koshihikari" for yield and taste and showed a high quality, was placed in 
Reactions; R: resistant, MR: moderately resistant, S: susceptible. Code number corresponding compatible resistance gene for naming race number (Yamada et al. 1976 , Kiyosawa 1979 Year 4 almost 30°, 4: almost 10°, 5: Lodging. 2) Leaf blast score was determined based on the percentage of infected leaf area; 0: 0%, 1: 1%, 2: 2%, 3: 5%, 4: 10%, 5: 20%, 6: 40%, 7: 60%, 8: 80%, 9: 90%, 10: 100%. 3) Panicle blast score was determined based on the percentage of infected kernels; 0: 0%, 1: 1%, 2: 2%, 3: 5%, 4: 10%, 5: 20%, 6: 40%, 7: 60%, 8: 80%, 9: 90%, 10: 100%. 4) Grain quality based on 1 to 9 scale; 1: high quality, 9: low quality. 5) Overall eating quality based on −5 to 5 scale; −5: low eating quality, 5: high eating quality. The reference variety was Koshihikari produced for foundation stock. 6) Value of mido was determined using a Mido-meter MA-90B (Toyo Rice-polishing Machine Factory, Japan). 7) Protein content of brown rice was measured with a Near Infrared Spectrophotometer AN800 (Kett Electric Laboratory, Japan). 8) DF:Degree of freedom. 9) SS: Sum of squares. 10) MS: Mean of squares. 11) **,*: significant at the 1% and 5% levels, respectively. quadrant 2 and was close to "Koshihikari"; "Wasejiman" (Sasaki et al. 1996) , which showed a poorer taste than "Koshihikari", was placed in quadrant 4; and "Ajikodama" (Hoshi et al. 1998) , which showed a slightly low yield, high quality, and was close to "Koshihikari" for taste, was placed in quadrant 4 and was close to "Koshihikari". The above results indicated that the characteristics of each variety were successfully extracted by the application of principal component analysis. All the Koshihikari BLs were placed near "Koshihikari" in quadrant 3, suggesting that they were similar to "Koshihikari" in yield, quality, and taste. In addition, the positional relations among the major varieties except for "Kinuhikari" showed that "Yukinosei", "Koshiibuki", "Dontokoi", "Wasejiman" and "Ajikodama" were distinct from the Koshihikari BLs. "Kinuhikari" could not be clearly distinguished from the Koshihikari BLs by the scores of principal components. However, the culm length and lodging resistance of "Kinuhikari" were clearly different from those of "Koshihikari". Based on the results described above, the Koshihikari BLs did not show any differences in traits that could cause problems in practice and were clearly distinct from other varieties. Therefore, it was considered that they could be used for general cultivation.
Future prospects for the development of blast resistanct multiline variety
Stable commercial applications of a multiline variety require the development of BLs with new blast resistance within a short period of time in addition to the eight Koshihikari BLs described above. It has been reported that the use of DNA markers may enable to confirm the introduction of a 6.6 6.5 6.7 6.7 6.6 6.6 6.6 6.6 6.6 **,*: significant at the 1% and 5% levels, respectively by the Dunnet multiple test. The DNA markers may enable to select target individuals efficiently from hybrids bred through a limited number of backcrosses (Hashimoto et al. 2003) and the use of these markers may accelerate development in the future. The Koshihikari BLs will be the second multiline variety with commercial applications in Japan, following "Sasanishiki". Investigations have been carried out for the selection of the Koshihikari BLs and their proper mixing ratios since 1996 (Ishikawa 2004) . Niigata Prefecture plans to introduce the blast-resistant multiline variety of "Koshihikari" over the prefecture all at once starting in 2005. This undertaking may influence the subsequent development of multiline varieties for major varieties in other regions because the proposed dissemination area, about 90,000 ha, is large. Continued utilization of a multiline variety requires a sustainable production of seeds of various isogenic lines, continual surveys on the distribution of the blast pathogen, and determinations of the kinds of lines to be used and their mixing ratios. The key for success is whether they can be efficiently systematized.
The Koshihikari BLs developed so far enable to decrease the number of blast control treatments, to reduce production costs, and to practice environment friendly agriculture. Moreover, the stable supply to consumers of safe and palatable "Koshihikari" variety could be achieved. It is anticipated that the multiline variety of "Koshihikari" will be widely used.
